Overproduced proteins from Escherichia coli BL21(DE3) were e‹ciently released with virulent bacteriophages. Leviviridae-like bacteriophages were isolated from soil and used to lyse BL21(DE3) cells transformed with b-glucosidase, chitinase, or chitosanase genes. This method caused lysis of bacterial cells similar to that by conventional sonication and enabled us to eŠectively recover and purify the enzymes.
pET vectors, which contain cloning sites downstream of the thioredoxin gene ‰anked with hexametrical histidine residues, are frequently used to overexpress cloned genes in Escherichia coli cells. 1) Transformed bacteria are burst by sonication and the gene product in the lysate is then puriˆed on a nickel a‹nity column. In our routine approach, however, the e‹ciency of bursting of bacterial cells by sonication was not always high enough, even when sonication was prolonged, resulting in ineŠective or reduced recovery of the products. To improve the e‹cacy, we focused on lytic infection of host bacterial strains by virulent bacteriophages, presuming that transformed bacteria would release large amounts of the gene product after lytic infection by the phages. The research in this paper was done to isolate virulent bacteriophages infectious to strain BL21(DE3) of E. coli for easy, eŠective lysis of bacterial cells to get improve recovery of the gene products from the bacterial lysate.
Bacteriophages infectious to BL21(DE3) (Novagen, Madison, WI) were isolated from soil samples. Soil (1 g) was suspended in 10 ml of sterilized water, vigorously agitated for 1 min, and centrifuged at low speed to remove soil particles. The supernatant was passed through a Millipore Millex-GSˆlter membrane (pore size, 0.22 mm), mixed with molten M9 agar medium (6 g of agar W liter) containing bacteria at 10 8 cells W ml, and overlaid on a layer of M9 agar (15 g of agar W liter) in a Petri dish (double-agar-layer technique).
2) The number of bacterial cells was estimated with a hemacytometer. After incubation overnight at 379 C, the phages were isolated by several cycles of single plaque isolation and further puriˆed by three cycles of diŠerential centrifugation (10,000×g, for 20 min and 100,000×g, for 90 min). The phage pellet was resolved in SM buŠer (50 mM Tris-HCl, pH 7.5, containing 5.8 g of NaCl, 2 g of MgSO4 ・7H 2 O, and 5 ml of 5z gelatin in 1 liter) 3) and used for the following experiment.
Puriˆed viral particles were negatively stained by the method of Brenner and Horne. 4) First, 0.2z Formvar-membrane-covered grids (mesh size, 50 mm) were ‰oated onto a sample drop on Paraˆlm for 5 min, and any excess sample was removed with blotting paper. Phage particles on the grid were directly stained by ‰oating of the grid on a drop of 0.5z phosphotungstate (adjusted to pH 6.7 with potassium hydroxide) for 5 to 10 min. After the grids were air-dried, phages were serched for at 100 kV with a Hitachi H-800 electron microscope. Figure 1 shows an electron micrograph of puriˆed bacteriophages (designated BLP-019), which possess isometric heads (24±2 nm in diameter). Base plates and tailˆber assemblies were not detected. Morphological characteristics of BLP-019 were similar to those of the Leviviridae family that contains some coliphages, such as MS2 and Q b.
5)
Puriˆed phage samples were treated with DNase and RNase by the standard protocols, 3) and nucleic acids were extracted from 10 ml of puriˆed phage particles (10 11 pfu W ml). The nucleic acids were mixed with 0.5 ml of SM buŠer 3) containing proteinase K at 50 mg W ml, 1.0z SDS and 20 mM EDTA for 60 min at 609 C. The mixture was then treated three times with organic solvents (phenol:chloroform:isoamyl alcohol, 25:24:1). The nucleic acids obtained were precipitated from aqueous supernatant by the addition of sodium acetate and ethanol. After centrifugation, the pellet was resolved in TE buŠer (10 mM TrisHCl and 1 mM EDTA), electrophoresed on 0.7z agarose gels, and stained with acridine orange by the method of McMaster and Carmichael. 6) Singlestranded (ss) RNA from tobacco mosaic virus (TMV) and double-stranded (ds) DNA from l phage were stained in a similar way. The nucleic acids from BLP-019 interacted with acridine orange to produce red ‰uorescence, similar to the ssRNA of TMV, and unlike the green ‰uorescence of l phage dsDNA (not shown). The results coincided with that of McMaster and Carmichael 6) in that the single-stranded and double-stranded forms of nucleic acids distinctively stained with acridine orange to ‰uoresce red and green, respectively. Alternatively, the nucleic acid was treated with DNase and RNase and electrophoresed on 1z agarose gel under denaturing conditions.
3) Figure 2 shows that the nucleic acids from BLP-019 were unaŠected by DNase and were digested with RNase. Moreover, electrophoretic analysis indicated that a BLP-019 genome was approximately 6 kilonucleotides long. This result supports our identiˆcation of BLP-019 as belonging to the family Leviviridae, which contains the ssRNA bacteriophages Q b and MS2. These phages infect host E. coli cells by attaching to the F-pili. 5) However, the BL21(DE3) strain did not have the F? factor, 3) and therefore was insensitive to these two phages. In fact, the coliphage Q b (IFO20012, provided by the Institute for Fermentation, Osaka, Japan) was not infectious to BL21(DE3) in our preliminary test. Our result showed that BLP-019 was infectious to the BL21(DE3) strain that was lysogenized by the l DE3 phage gene. 7) These results suggest that BLP-019 is a new phage with an infection mechanism diŠerent from the mechanisms of Q b and MS2. Further clarifying the similarity of BLP-019 to other phages in this family was of practical interest in the following investigation.
The genes used for overexpression by BL21(DE3) were the b-glucosidase gene abg 8) (DDBJ, M19033), the chitinase gene chi SH1 9) (DDBJ, D63702), and the chitosanase gene csnSM1 10) (DDBJ, AB030253). The entire sequences of these genes were PCR-ampliˆed with primers synthesized on the basis of their nucleotide sequences and inserted into the cloning site of pET32b(+) (Novagen). For transformation, we used competent cells of BL21(DE3) provided by the manufacturer. Transformed bacteria were screened for in the presence of ampicillin at 50 mg W ml, and successful introduction of the genes was conˆrmed by direct-colony PCR by the standard protocol. 3) First, the abg-transformed bacteria were used to assess the eŠectiveness of bacterial lysis. Bacteria were cultured in Luria-Bertani medium for 1 to 2 h in the presence of ampicillin and then for a further 3 h in the presence of 1 mM isopropyl-b-D-thiogalactopyranoside. The culture was collected by centrifugation (12,000×g, 15 min, 49 C), adjusted to the cell density of 10 9 to 10 11 bacteria W ml, and used for lysis by sonication or phage infection. The activity of bglucosidase in the lysate was estimated by the method of Wood, 11) with o-nitrophenyl b-D-glycoside as a substrate. The amount of o-nitrophenol produced was spectrophotometrically estimated. One unit of b- , and 10 11 pfu W ml, respectively, in B. Bacteria were inoculated with phages at 10 9 cells W ml. glucosidase activity was deˆned as the amount of enzyme that produced 1 mmol of o-nitrophenol per minute under optimal conditions. Total protein was estimated by the method of Bradford. 12) In preliminary sonication of the bacterial cultures, longer sonications (at least 15 min) at higher electrical currents (at least 1.5 A) caused bubbling of the lysate, resulting in loss of the product. In this study, therefore, lysis was done by sonication for 1 to 10 min at a current of 1.0 A. Figure 3(A) shows the activity of b-glucosidase in the lysate obtained by sonication. The recovery of b-glucosidase increased with an increase in bacterial density used for sonication, with a maximum reached with 3 min of sonication. Enzyme activity with 10 10 to 10 11 bacteria W ml did not change depending on cell density.
Alternatively, bacterial cultures (10 9 bacteria W ml) were lytically infected by BLP-019 (Fig. 3(B) ) by mixture M9-bacterial cultures with an equal volume of a phage inoculum (10 9 to 10 11 pfu W ml) and incubation at 379 C. The cultures cleared as a result of the lytic infection. Lysis was more rapid with higher concentration of phage particles, with the most rapid lysis (1 h after inoculation) with phages at 10 11 pfu W ml. Thus, this study showed that the additon of virulent bacteriophages to lyse gene-transformed BL21(DE3) was an easy, and useful method for recovery of overproduced products of genes introduced into bacterial cells.
To examine the applicability of this method, chi SH1-and csnSM1-transformed bacteria were prepared, and sonicated, and infected with phage infection under the conditions mentioned earlier. Figure 4 shows SDS-PAGE of protein samples recovered from the lysates of BL21(DE3) transformed with the b-glucosidase gene (A), chitinase gene (B), or chitosanase gene (C). The recovery of proteins in the phage lysate was equal to that for lysates obtained by sonication, except for the presence of a band at 31 kDa (arrow in Fig. 4 ) detected in the phage lysate. The products were puriˆed by a‹nity column chromatography even when the lysates contained proteins of phage origin. Table 1 shows enzyme activities of the products before and after puriˆcation. Chitinase activity was measured by the method of McCreath and Gooday 13) with 4-methylumbelliferyl-b-D-N, N?, N!-triacetylchitotrioside as the substrate. Fluorescence of the 4-methylumbelliferone released was detected by a Shimadzu RF-5000 spectro‰uorophotometer, and the amount of 4MU was estimated from a calibration curve for authentic 4MU under the same conditions. Chitosanase activity was assayed by the method of Ohtakara, 14) with glycol chitosan as the substrate. The amount of glucosamine was estimated spectrophotometrically at 530 nm. One unit of chitinase and chitosanase activity was deˆned as the amount of enzyme that produced 1 mmol of the product per minute under optimal conditions. Chemicals, including enzyme substrates, were purchased from Sigma (St. Louis, MO). Table 1 shows the recovery of the enzymes in lysates obtained by sonication and phage infection of transformed bacteria. There was no little diŠerence in the activities of b-glucosidase, chitinase, and chitosanase depending on the lysates. Thus, this method ensured the eŠective lysis of bacterial cells, and the e‹cacy was comparable to the recovery of the enzymes from sonicated bacteria, even when lower densities of bacterial cells were used for the lytic infection by BLP-019. a Bacterial cultures at 10 10 and 10 9 cells W ml were lysed by ultrasonication (3 min at 1 A) (U-sonic) or inoculation with virulent bacteriophages BLP-019 (10 11 pfu W ml) (P-infect), respectively. b Enzymes were puriˆed by nickel a‹nity column chromatograpy. c Puriˆcation (fold).
E‹cient Release of Gene Products from E. coli Cells
The chi SH1 and csnSM1 genes were cloned in our laboratory from Gram-positive Kurthia zopˆi and Gram-negative Sphingobacterium multivorum, respectively, to use enzymes as agents for the attacking chitinous cell walls ofˆlamentous phytopathogenic fungi. 9, 10) These genes were mediated by the pET vector and subcloned in BL21(DE3) cells for overexpression. Use of BLP-019 made it possible to easily and eŠectively obtain large amounts of the enzymes produced in transformed bacteria by enlargement of the culture scale. In fact, a one-liter culture of bacteria could be lysed by the addition of BLP-019 at a dened ratio. This method is a promising technique for eŠective recovery of products of genes overexpressed in the pET system.
